Introduction
Rotavirus (RV) infection is the leading cause of dehydrating gastroenteritis in infants and young children worldwide [1] . RV causes an estimated 2.4 million hospitalizations and 453,000 deaths each year among children <5 years of age, with the majority of deaths occurring in developing countries [2] . In industrialized countries, RV infection is a major cause of severe gastroenteritis and hospitalization in young children thereby imposing a considerable medical and economic burden to the healthcare system [3, 4] . In Germany, laboratory-confirmed RV disease is notifiable since 2001. Here, on average 17,600 children <5 years of age were reported to be hospitalized due to RV infection annually between 2001 and 2008 [5] .
In 2006, two RV vaccines, Rotarix ® (RX) and RotaTeq ® (RQ) were licensed for use in Europe. In April 2009, the World Health Organization's Strategic Advisory Group of Experts on immunization (SAGE) recommended the introduction of RV vaccines in all national immunization programs [6] . This paper presents the scientific background, which supported the decision-making process of the German Standing Committee on Vaccination (STIKO) related to a recommendation on routine RV vaccination in Germany. In alignment with the STIKO set of key questions and the STIKO Standard Operating Procedures [91] , this background paper summarizes results of systematic reviews of the literature focusing on efficacy, effectiveness, impact and safety of RV vaccines, as well as on the local epidemiology of RV infections in Germany. In the accompanying appendices additional information regarding the conducted systematic reviews is presented. The appendices are available online and can be downloaded from the RKI website (http://www:stiko.de/en).
Rotavirus disease and epidemiology

Virology, morphology and laboratory diagnosis
RVs are non-enveloped, double-stranded segmented RNA viruses which are members of the family Reoviridae, consisting of three concentric capsid layers that enclose the genomic RNA [7] . RVs are classified into seven serogroups (A-G), but only three groups (A-C) affect humans [8, 9] . Serogroup A is clinically the most important serogroup and responsible for diarrhoeal disease worldwide. Within group A, RV serotypes are further classified into G-(glycoprotein antigen) and P-types (protease-sensitive antigen) on the basis of their surface proteins VP7 and VP4, respectively. Both antigens are thought to be important for protection and critical for vaccine development [7] . To date, 24 different G-and 33 different Ptypes have been detected [10, 11] .
EuroRotaNet, a European laboratory network with 16 participating countries, found that G1P [8] , G2P [4] , G3P [8] , G4P [8] , G9P [8] were the most prevalent human RV genotypes across Europe [12] . However, there was a huge diversity of cocirculating strains, and the prevalence of the different RV types varied geographically and from year to year. In temperate regions, a clear seasonal trend of RV infections can usually be observed in the majority of countries with peak virus circulation in late winter and early spring [5, 13] .
Laboratory confirmation of RV infection can be obtained by detection of the virus, viral antigen or viral RNA in stool samples. The most commonly used method is antigen detection by one of several commercially available enzyme immunoassays (EIA), which are easy to perform and provide a low detection limit [14, 15] . Other techniques include realtime PCR and electron microscopy.
Transmission
RV is transmitted by the faecal-oral route. It is a highly contagious pathogen that remains infectious on hands for several hours and on environmental surfaces for a prolonged time (days to weeks) [16, 17] . Because of its considerable resistance to disinfectants and hand-washing agents [18] , a small minimum infectious dose [19] , and a high virus concentration in stool (up to 10 12 virus particle/g stool during acute illness) [20] , there is only a weak association between RV incidence and the level of economic development or hygiene measures [21] . Furthermore, due to these characteristics, virus spread within families is common and hospital-acquired outbreaks occur and are difficult to control making RV also an important cause of nosocomial infections [22, 23, 24] .
Pathogenesis and clinical features of RV disease
RV infects cells of the small intestine and produces a number of non-structural (NS) proteins enhancing viral replication, disarming the natural immune response, and manipulating cellular signalling pathways [25] . Among the NS proteins an enterotoxin, NSP4, destroys intestinal mucosa cells [26, 27] resulting in severe watery diarrhoea. After an incubation period of usually <48 h, clinical symptoms include acute onset of vomiting and fever followed by watery diarrhoea [28, 29] . The disease spectrum ranges from a mild, short-lasting course to severe and dehydrating diarrhoea that may lead in rare circumstances to complications such as seizures, CNS involvement, or even death [30, 31, 32] . In RVinfected patients, diarrhoea and vomiting is more common and prolonged than in paediatric gastroenteritis caused by other pathogens, and fever is reported in 30-70% of children [33, 34, 35, 36, 37, 38] . Gastrointestinal symptoms resolve usually in <7 days, and at 1-month followup 88% of children have returned to their usual health status [39] . Treatment of RV disease consists mainly of oral or intravenous rehydration [40] . However, chronic diarrhoea and extraintestinal manifestations have been observed, particularly in immunocompromised individuals with conditions such as severe combined immunodeficiency (SCID), acquired immunodeficiency syndrome (AIDS), and DiGeorge syndrome [41, 42] . In addition, patients suffering from congenital immunodeficiency or immunosuppression due to bone marrow or solid organ transplantation are at risk for more severe or prolonged RV disease [43, 44] . In contrast, several studies have shown that breast feeding can protect against symptomatic RV infection [45, 46, 47, 48] . One study has shown that the risk of hospitalization due to RV gastroenteritis (RVGE) was associated with lack of breast feeding, low birth weight, attending child care, and presence of another child <24 months of age in the same household [49] .
Epidemiology of RV disease
RV is the most common cause of severe dehydrating diarrhoea worldwide, resulting in more than 2 million hospitalizations and 453,000 deaths (95% CI ta from 5 randomized controlled trials demonstrated a high efficacy of RV vaccines in preventing severe RV-associated gastroenteritis (91%) and hospitalization (92%) in settings comparable to Germany. Post-marketing observational studies confirmed these findings. In several countries, impact studies suggest that age groups not eligible for vaccination might also benefit from herd effects and demonstrated a decrease in the number of nosocomial RV infections after RV vaccine introduction. The vaccines were considered safe, except for a slightly increased risk of intussusception shortly after the first dose, corresponding to 1-2 additional cases per 100,000 infants vaccinated (relative risk =1.21, 95% confidence interval [CI] 0.68-2.14). RV case-fatality is extremely low in Germany. However, RV incidence among children aged <5 years is high (reported 8-14 cases per 1000 children annually), and of these almost half require hositalization. In view of the available evidence and expected benefits, STIKO recommends routine rotavirus vaccination of children under the age of 6 months with the main goal of preventing RV-associated hospitalizations in Germany, especially among infants and young children.
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Hintergrundpapier zur Empfehlung für die Rotavirus-Standardimpfung von Säuglingen in Deutschland Zusammenfassung
Zwei Rotavirus (RV)-Impfstoffe sind seit 2006 auf dem europäischen Markt verfügbar. Um die Ständige Impfkommission (STIKO) bei ihrer Entscheidungsfindung zu unterstützen, ob sie die RV-Impfung als Standardimpfung in den Impfkalender aufnehmen soll, wurde der diesbezüg-liche wissenschaftliche Hintergrund aufgearbeitet. Nach der STIKO-Standardvorgehensweise für die syste matische Entwicklung von evidenzbasierten Impf empfehlungen wurden dazu Aspekte des STIKO-Fragenkatalogs bearbeitet so wie systematische Reviews zu Wirksamkeit, Effektivität, Impact und Sicherheit der RV-Impf stoffe durchgefüh-rt. Dem Ansatz der "Grading of Recommendations Assessment, De v elopment and Evaluation" (GRADE)-Methodik folgend, wurde die Qualität der verfügbaren Evidenz bewertet. Daten von 5 randomisier ten klinischen Studien zeigten, dass in Ländern, die mit Deutschland vergleichbar sind, durch die RV-Impfung schwere RV-Gastro enteritiden (Wirksamkeit =91%) und Hospitalisationen (92%) verhindert werden können. Daten aus Postmarketingstudien bestätigten diese Ergebnisse. Impact-Studien verschiedener Ländern zeigen zusätzlich, dass die Zahl der nosokomialen RV-Infektionen nach Einführung der RV-Impfung zurückgegangen ist und dass möglicherweise auch Altersgruppen, die nicht geimpft werden, durch Herden effekte von der Impfung profitieren. Die Impfstoffe werden generell als sicher bewertet. Es besteht jedoch ein gering erhöhtes Invaginationsrisiko von 1 bis 2 zusätzlichen Fällen pro 100.000 geimpfte Kinder kurz nach der ersten RV-Impf dosis (relatives Risiko =1,21; 95%-KI 0, 14) . Todesfälle infolge von RV-Infektionen sind in Deutschland äußerst selten. Die RV-Inzidenz bei Kindern im Alter unter 5 Jahren ist jedoch hoch (8 bis 14 berichtete Fälle pro 1000 Kinder jährlich), von diesen wird fast die Hälfte stationär behandelt. Angesichts der guten verfügbaren Evidenz und des zu erwartenden Nutzens empfiehlt die STIKO die routinemäßige RVImpfung von Kindern im Alter unter 6 Monaten mit dem primären Ziel, RV-assoziierte Hospita lisationen insbesondere bei Säuglin-gen und Kleinkindern zu verhindern.
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Rotavirus-Impfung · Rotavirus-Gastroenteritis · Ständige Impfkommission (STIKO) · Impfempfehlung · Deutschland tation, and (2) result from laboratory testing of stool specimen does not influence treatment decisions, thus testing is usually not performed by physicians [59] .
According to national notification data, 45% of reported cases <5 years of age were hospitalized or acquired nosocomial infection, leading to an average of 17,600 hospitalisations each year (incidence 510/100,000). In this age group, RV was responsible for 70% of all hospitalizations reported to be associated with one of the notifiable infectious agents causing acute gastroenteritis (AGE) in Germany (i.e RV, Shigella spp, Salmonella spp, Yersinia spp, Giardia lamblia, norovirus, Campylobacter spp, E. coli, and enterohemorrhagic E. coli) [5] .
RV infection leading to hospitalization is reported over the entire year with a clear seasonal trend and a dominant late winter and spring peak from January to May (. Fig. 2 ). Approximately 75% of hospitalized cases were ≤2 years of age and the proportion of nosocomial infections ranged from 8.6 to 13.3% in children <2 years of age.
Fatal RV-cases are very rare in Germany. Between 2004 and 2008, only 8 deaths were attributable to RV infection in children <5 years of age [5] . An active surveillance study was performed within the ESPED infrastructure (a hospital network in Germany) between April 2009 and March 2011 to identify severe courses of RV diseases in hospitalized children [60] . A severe course of RV disease was defined by either intensive care treatment, hyper-or hyponatremia (>155 mmol/l or <125 mmol/l), clinical signs of encephalopathy (somnolence, seizures, apnoea) or death due to RV disease. The annual incidence of community-acquired severe RV infections in children aged <5 years was estimated at 1.2/100,000. This figure presents a minimum level estimate because no adjustment for underreporting was possible.
Reassortment of RV strains
Co-infections with more than one strain are possible and can lead to the emergence of reassortant RV variants [61, 62, 63] . Although animal species (e.g. calves and pigs) are susceptible to RV infections [64, 65] , animal-to-human transmission appears to be uncommon [9, 12] . However, both natural reassortant animal-human strains and direct zoonotic transmission have been observed [12, 63, 66] . Reassortment can occur when different RV-A strains replicate in a cell, and a mix of their genome segments is packaged into new virus particles. As a result, the hybrid RV-A virions exhibit characteristics of their parental strains. In some cases, especially if the hybrid strain gains heterologous VP4 or VP7 encoding genes from a zoonotic strain, this hybrid strain may evade type-specific human immune response [65, 66] . The RV-A proteins are coded by 11 separate genome segments. Leading to reassortment of gene segments, the segmentation of RV-A genome significantly contributes to antigenic shift. Human G9 strains and recently emerging G12 strains are examples for hybrid RV-A strains that have acquired antigens from animal RV and spread worldwide within a few years [67] . The proportion of hybrid strains (including G12) in Europe was approximately 1-2% in 2006-2009 [12] .
Emergence of new RV-A strains, and regionally and seasonally changing frequencies of RV-A types are a natural phenomenon that occurs independently of vaccination [68, 69] . Common trends are observed in samples from different regions, as data from EuroRotaNet show [12] . In the season 2007/08, an increase of G1P [8] was found in samples from different European countries. While G1P [8] decreased in the subsequent season 2008/9 in most countries, more infections with G4P [8] were observed. In 2005/6, before the introduction of RV vaccination, G9P [8] was identified as one of the most frequent genotype combinations in Germany and other countries for the first time [70, 71] . Phylogenetic analyses indicate that G9 strains have emerged from a common origin approximately 20 years ago and then spread worldwide within only a few years [67] . A similar emergence is currently being observed for G12 strains [67] .
As of today, it is not clear how effective currently available RV vaccines that are designed to protect against group A RV strains will prevent illness from newly emerging RV-A strains. The influence of other RV-A antigens on immunity re- mains unclear [68, 72] . Antibodies targeting VP6 and other RV-A antigens possibly contribute to immunity and reduce the relevance of heterologous VP4 and VP7 (heterotypic immunity). Natural fluctuation of RV-A genotypes complicates the identification of changed frequencies of strain occurrence potentially induced by vaccination (replacement). Genetic drift could disguise replacement, possibly undetectable by G and P typing [73] . Studies from Belgium, Brazil, Australia and the USA have reported increased frequencies of G2 and G3 strains after introduction of routine RV vaccination [74, 75, 76, 77, 78] . However, the authors discussed their findings cautiously because the time interval since introduction of RV vaccination was too short to clearly differentiate between natural fluctuations and replacement due to vaccination. This differentiation requires long-term surveillance of circulating RV-A strains and additional sequencing of defined genome segments [68, 69] .
Rotavirus vaccines
In 1998, the first RV vaccine (Rotashield ® ) was licensed and available only on the US market [79] . It was withdrawn from the market within 1 year after its introduction as an association with intussusception had been observed [80] . Study data demonstrated that the risk of intussusception increased with age at the 1st dose [81] . Seven years after the withdrawal of the first RV vaccine, the second generation of RV vaccines successfully completed large clinical trials and were granted licensure. Currently there are two oral RV vaccines available on the European market. Here we briefly describe the main characteristics of both vaccines. Details on the vaccines are available online at the European Medicine Agency (EMA; http://www.ema.europa.eu/).
Monovalent human RV vaccine (Rotarix ® , RX)
RX (GlaxoSmithKline Biologicals) is an oral, live-attenuated, monovalent G1P [8] human RV vaccine derived from the naturally circulating G1P [8] RV strain 89-12, isolated from the stool of a 15-month old child with RV diarrhoea in 1988 [82] . The parental virus was passaged in African green monkey kidney cells, plaquepurified and renamed RIX 4414 [83] . RX was approved for the European market in February 2006 [84] . The licensed vaccine is prepared as a lyophilized powder to be reconstituted with 1 ml of solvent. Each 1.5 ml vaccine dose contains ≥10 6 CCID 50 (cell culture infectious dose 50%) of the parent RV strain. Two oral vaccine doses, given at least 4 weeks apart, are necessary for a complete vaccination series. The first dose should be administered as soon as possible after the age of 6 weeks. The vaccination series should be completed preferably before 16 weeks of age, and not later than 24 weeks of age.
Pentavalent human-bovine reassortant RV vaccine (RotaTeq ® , RQ)
RQ (Merck & Co) is a live, oral RV vaccine that contains five reassortant RVs developed from human and bovine parent strains. Four reassortant RVs express one of the outer capsid proteins (G1, G2, G3, G4) from the human parental strain and the attachment protein from the bovine RV strain. The fifth reassortant virus expresses the attachment protein P1 [8] from the human RV parental strain and the outer capsid protein (G6) from the bovine RV parental strain. The parental bovine RV strain WC3 (G6,P7 [5] ) was isolated in 1981 from a calf with diarrhoea and passaged in African green monkey cells [85] . The reassortants are propagated in Vero monkey kidney cells [86] . RQ was licensed for the European market in June 2006 [87] . The licensed vaccine is a ready-to-use 2 ml solution that contains ≥2.0-2.8×10 6 infectious units (IU) per individual dose, depending on reassortant. The vaccination course consists of 3 doses. The first dose may be administered from the age of 6 weeks and not later than after the age of 12 weeks. Doses should be given at least 4 weeks apart. The vaccination series of three doses should be completed preferably by the age of 20-22 weeks, but not later than the age of 32 weeks.
Adverse events
According to the Summary of Product Characteristics, both vaccines can cause the following adverse events (frequencies are reported as: very common (≥1/10); common (≥1/100, <1/10); uncommon (≥1/1000, <1/100); rare (≥1/10000, <1/1000)): diarrhoea and vomiting (very common or common), pyrexia (very common), irritability (common), upper respiratory tract infections (common), abdominal pain, flatulence (uncommon), haematochezia (uncommon), nasopharyngitis, otitis media (uncommon), rash and urticaria (uncommon or rare), intussusception (rare), bronchospasm (rare).
The absolute and relative risk for intussusception and Kawasaki disease following RV vaccination were subject to a systematic review and results are presented in section 5.4 of this paper.
Contamination of RV vaccines with porcine circovirus (PCV)
In February 2010, genome fragments of a porcine circovirus 1 (PCV-1) were detected in two batches of RX during a study using a new technology for detecting viral genetic material. As a result, the manufacturer initiated tests that confirmed the presence of PCV-DNA in vaccine lots, in the vaccine cell bank, and in the viral starting materials from which the vaccine was derived. It has been shown that PCV material had been present since early stages of product development [88] . Subsequently, genome fragments from both PCV-1 and PCV-2 were identified also in the RQ vaccine. The origin of PCV contamination was attributed to the porcine trypsin used during the manufacturing process of the vaccines. PCV are animal viruses infecting pigs. PCV-1 does not cause disease in either animals or humans; however PCV-2 can cause disease in pigs but not in humans. Exposure of humans to PCV is common due to its presence in meat and other food products.
Following a review of the oral vaccines RX and RQ, the EMA's Committee for Medicinal Products for Human Use (CHMP) noted that RV vaccines can contain small amounts of PCV-1 and PCV-2. Based on the fact that PCV does not cause any disease in humans, the committee concluded that the detection of PCV-1 and PCV-2 did not change the risk-benefit balance of the two vaccines. Since PCV-1 and PCV-2 should not be present in the RV vaccines, manufacturers were instructed to adopt measures to produce the vaccine free of PCV [89, 90] .
Methodology
Following the SOP for the development of evidence-based recommendations on immunization of STIKO [91] , a working group (WG) on RV vaccination was established in February 2011 and conducted the systematic review and grading of the quality of evidence for vaccine efficacy (VE) and vaccine safety. Reduction in the number of RV infections requiring hospital admission in children <5 years of age was defined by the STIKO as the primary goal of adopting routine RV vaccination into the national immunization schedule in Germany.
Following the GRADE (Grading of Recommendations Assessment, Development and Evaluation) methodology, the WG identified several patient-relevant outcomes, which were classified according to a 9-point scale into those that are critical (7-9 points), important (4-6 points), or of limited importance (1-3 points) for decision-making [92] . Systematic reviews and meta-analyses were conducted for the efficacy and safety of RV vaccines with regard to each of these outcomes, considering children aged <5 years, vaccinated with one of the two licensed RV vaccines, and compared to children with no RV vaccination. We searched published literature in MED-LINE, EMBASE, BIOSIS, SciSearch, Cochrane Central Register of Controlled Trials and the Cochrane Database of Systematic Reviews to identify relevant studies. Details on the search strategy, in-and exclusion criteria, and study selection are summarized in Appendix I. An EndNote database was created and completed with references identified in all search strategies. Two reviewers independently screened the title and abstract of each EndNote record and excluded obviously irrelevant reports (1st screening). Based on specific inclusion and exclusion criteria that took into consideration the population, intervention, comparator and the outcome of interest (Appendix I; Tab. 3), a 2nd screening was performed. For the 2nd screening the full text of eligible publications was assessed and appraised independently by two reviewers. Divergent appraisals of studies were discussed with members of the STIKO WG for methods, and a decision on study inclusion was made jointly.
Data extraction and statistical analyses
Data were extracted independently using a standardized extraction form. For each included study, information on study design, participants, sampling and group allocation, intervention, outcomes, study results and risk of bias was systematically extracted. If available, study registries were screened for additional data that were not presented in the selected publications (http://www.gsk-clinicalstudyregister.com/; http://clinicaltrials.gov). Characteristics of each included study are summarized in the Appendix II. All outcomes were dichotomous (occurrence of the event or not). The total number of participants and the number of participants that experienced the event were extracted for all studies. Extracted data were entered into the computer software Review Manager (version 5.1, Nordic Cochrane Centre, Copenhagen, Denmark).
We calculated fixed effects as well as random effects models to obtain pooled estimates. To account for heterogene- ity, we decided to present the results of the random effects model in the following. However, results obtained by using the fixed effects model were very similar (data not shown). We analysed dichotomous data by calculating MantelHaenszel random effects risk ratios (RR) or odds ratios (OR) and corresponding 95% confidence intervals (95%CI) for RV vaccine recipients versus placebo recipients of each included trial. The pooled RR and OR were used to establish pooled vaccine efficacy (VE) or risk for vaccine adverse effects according to the following formula: (1−risk/odds ratio)×100. Judgement of the extent of heterogeneity was based on similarity of point estimates, extent of overlap of confidence intervals, and statistical criteria including tests of heterogeneity and I 2 [93] . On the basis of the VE we calculated the number needed to vaccinate (NNV) for selected outcomes as the inverse of the absolute risk reduction (1/CER−EER) (CER =control event rate; EER =experimental group event rate). Potential publication bias was assessed by visual inspection of funnel plots (Appendix V).
Grading the quality of evidence
Pooled data with respect to all critical and important outcomes derived from the meta-analyses of the included studies were imported into the computer software GRADEprofiler (version 3.6, GRADE working group). The quality of evidence across studies for each critical and important outcome was judged based on specific criteria such as study design, risk of bias, consistency, directness, precision and further criteria as suggested by GRADE [94] . With the help of the software, a GRADE evidence profile was created, indicating the number of studies, the study design, number of participants and events in the vaccine and placebo group, the relative and absolute risks as well as the WG's judgements for the quality of evidence and the importance of the outcome for each outcome (see . Tab. 3). The overall quality of evidence was judged across outcomes based on the lowest quality of evidence for any of the critical outcomes.
Methodology for the evaluation of RV vaccine efficacy
RV VE was defined as the relative reduction in RV gastroenteritis (RVGE) risk for specified endpoints after vaccination as established by a randomized placebo-controlled trial (RCT). We used the search terms "rotavirus", "vaccine", "immunization" and "randomized controlled trial" to identify studies examining the efficacy of RV vaccines in children. The search strategy and flow chart of the literature search process are presented in Appendix I (Tab. 2, Fig. 1 ). Each study that was included in the final analysis was assigned to an acronym consisting of the author of the primary publication, year of publication and vaccine brand tested. 
Outcomes
According to the judgement of the WG, the following outcomes were regarded as "critical" or "important", and VE against these outcomes was extracted from the included RCTs: (1) RVGE requiring hospitalization; (2) severe RVGE (as defined by severity-score in the trial report); (3) death due to RVGE; (4) nosocomial RVGE; (5) severe AGE; and (6) RVGE of any severity (Appendix I, Tab. 1). For the assessment of GE severity the 20-point Vesikari scale was used in RX trials; a score >11 was considered as severe disease [34] . In RQ trials the 24-point Clark scale was used designating a score >16 as severe disease [34, 98] .
Analysis
In a first step, a meta-analysis for every single outcome was performed for each RV vaccine. This included estimates for different observation periods (i.e. single years: 1st, 2nd or 3rd year; follow up-periods: 1st+2nd or 1st-3rd year post vaccination). Data from both, per-protocol and intention-to-treat analyses were extracted, if available. In a second step, data for both vaccines were pooled, as the objective of this review was to evaluate the efficacy of RV vaccination but not of a specific vaccine product. For this purpose only per-protocol results were used since this approach included the largest number of studies for the predefined outcomes. The results from single studies and from the meta-analysis of pooled data of all outcomes and all observation periods are listed in Appendix IV. In the final evidence profile, only pooled data of both vaccines for the two-year follow-up period were presented.
Methodology for the evaluation of RV vaccine effectiveness and impact based on observational studies
RV vaccine effectiveness was defined as the relative reduction in RVGE risk for specified endpoints with regard to the RV vaccination status of study subjects based on OR in case-control studies and RR in cohort studies. In addition, we aimed to identify impact studies which assessed the effects of RV vaccination at population level, including herd protection, reduction in the number of nosocomial infections and a potential replacement of RV genotype strains. These effects cannot be assessed or are difficult to assess in RCTs. Search terms "rotavirus", "vaccine", "immunization", "vaccine effectiveness" and "impact" were used to identify studies which examined the effectiveness of RV vaccines or which reported on the epidemiological impact of RV vaccination. The search strategy and flow chart of the literature search process are presented in Appendix I (Tab. 4, Fig. 2 ). Each study that was included in the final analysis was assigned an acronym consisting of the author of the primary publication, year of publication and vaccine brand used in the respective population.
Inclusion and exclusion criteria
We included case-control, cohort, and impact studies which were published between July 2008 and February 2012 if the effect of the licensed RV vaccines on at least one of the predefined patientrelevant outcomes was reported concerning healthy children <5 years of age from industrialized or newly industrialized countries (Europe, Australia, Canada, USA, Latin America and Asia). Observational studies were excluded if OPV was co-administered with the RV vaccine, if the majority of study subjects had another ethnicity than Caucasian or Hispanic, or if the objective of the study did not ask for predefined patient-relevant outcomes.
Outcomes
The same patient-relevant outcomes were considered as for vaccine efficacy (see outcomes in section 4.1).
Analysis
A meta-analysis of effectiveness data of included case-control studies was performed on basis of crude OR and adjusted OR and with regard to RV vaccination status (both one dose, and at least two doses). Of the selected cohort studies, crude effectiveness data for preventing RVGE and all-cause AGE were included in a meta-analysis. Only pooled data for both licensed RV vaccines were considered for the meta-analysis. The results of single studies and of the meta-analysis of pooled data of all outcomes are listed in Appendix IV.
Except for the effectiveness to prevent nosocomial RVGE, results of the impact studies were not appropriate for a metaanalysis since no uniform effect estimator was reported. Therefore we conducted a descriptive analysis. Study data are listed in Appendix III.
Methodology of the evaluation of RV vaccine safety
Since a recently published systematic review was available and provided high quality and sufficient information on all relevant safety outcomes, results from this review were used [99] . The review was published in 2010 by the Cochrane Collaboration group and evaluated the efficacy and safety of both RX and RQ as observed in published RCTs from February 1998 to May 2010. Data were extracted from the systematic review and included in the meta-analysis. In a second step, data from RCTs published from May 2010 until December 2011 and identified in the search concerning efficacy (see above) were added. In addition an evaluation of data derived from post-marketing observational studies was performed to better assess extremely rare adverse events (i.e. intussusception and Kawasaki disease). To identify observational studies examining the risk of intussusception after RV vaccination, a systematic literature was performed using a combination of the search terms "rotavirus", "vaccine", "immunization" and "intussusception", and the methodology described above. The search strategy and flow chart of the literature search process are presented in Appendix I (Tab. 5, Fig. 3 ).
Inclusion and exclusion criteria
Studies from any part of the world were included in our assessment, since it was regarded important to assess the evidence on the safety of RV vaccines irrespective of the study location. Furthermore, we considered that-in contrast to VE-indirectness due to a study setting in a developing country plays a less important role when regarding safety issues.
Outcomes
For the evaluation of RV vaccine safety, the WG identified the following patientrelevant outcomes as important or critical: (1) vaccine-induced intussusception; (2) Kawasaki disease; and (3) reactogenicity of the vaccine as indicated by diarrhoea, vomiting or fever (Appendix I, Tab. 1). All outcomes were included in the final evidence profile.
Analysis
The observation period for serious adverse events as Kawasaki disease and intussusception varied largely in randomized controlled trials. Time periods observed ranged from 30 days to 1 year after each dose. Irrespective of the observation period, considered data for both vaccines were pooled in a meta-analysis (Appendix IV). In addition, data from two large trials with an extra focus on the risk of intussusception were reported in detail. In these studies, intussusception was defined as a safety outcome in the study protocol. Adverse events of special interest were monitored for a time period of up 30 days after each dose in the RX study, and for up to 42 days in the RQ study [100, 101] . Results of the observational studies concerning the risk of intussusception did not permit a meta-analysis because of different study designs and different baseline risks. We therefore conducted a descriptive analysis. Relevant study data of included studies are listed in Appendix III (Tab. 7).In most safety studies, for each type of solicited symptoms regarding reactogenicity (vomiting, fever, diarrhoea), occurrence of the symptoms was documented for follow-up periods varying between 0-7 days to 0-14 days post vaccination after each dose. As the results did not show major differences, we decided to pool only data for the time period after the 1st dose for each symptom (Appendix IV).
5 Results of the systematic reviews and quality assessments
Ranking of patient-relevant outcomes
The following patient-relevant outcomes were ranked as important or critical in respect to VE: (1) RV-related hospitalization; (2) severe RVGE (as defined by severity score in the study reports); (3) RVrelated deaths; (4) nosocomial RVGE; (5) severe all-cause GE; and (6) RVGE of any severity. For the evaluation of RV vaccine safety the following outcomes were regarded as critical or important harms: (7) intussusception; (8) Kawasaki disease; and (9) reactogenicity of the vaccine as indicated by diarrhoea, vomiting or fever.
After completion of the systematic literature reviews on all outcomes, a reranking was performed. In the final ranking, risk for intussusception as well as efficacy in preventing RV-related hospitalization and severe RVGE were ranked as critical, while the other outcomes were ranked as important (Appendix I, Tab. 1).
Efficacy of RV vaccines
Description and assessment of the quality of included studies
We identified 479 references in the first screening, of which 51 were eligible for the second screening. Of these, six independent studies were included in the final assessment of VE: four assessed RX and two RQ VE. The flow chart for study selection and the study characteristics of included studies is shown in Appendix I (Tab. 2, Fig. 1 Only healthy infants aged 6-14 weeks were enrolled. The 1st vaccine doses were predominantly administered at 6-14 weeks of age, and subsequent doses were given 4-8 weeks apart. Routine childhood vaccines were administered concomitantly. The duration of followup after vaccination varied between 1 and 3 years.
Each trial provided information on at least one outcome that was relevant for this review (Appendix IV). No data were available for the efficacy of either vaccine to prevent nosocomial RVGE or to reduce RV mortality. A detailed risk of bias assessment regarding adequate sequence generation, allocation concealment, blinding, missing output data, selective reporting and other reasons for bias was carried out for each trial and is shown in Appendix II (study characteristics). In summary, all RX trials and one RQ trial had a low risk of bias for three or more criteria; one RQ trial had missing information on sequence generation and allocation concealment.
Results
The pooled random-effects model with regard to VE in the first 2 years after vaccination showed a relative risk reduction [RRR] of 92% (95%CI 82-96) for RVGE requiring hospitalization, 91% (95%CI 82-95) for severe RVGE, 74% (95%CI 61-83) for RVGE of any severity and 41% (95%CI 30-50) for AGE. Except for results of one trial on efficacy against RVGE hospitalization [102] , efficacy data of both, single studies and pooled analyses, were statistically significant (. Fig. 3 ). The respective NNV for the outcomes named above were 80 infants (absolute risk reduction [ARR] 0.0125, 95%CI 0.0114-0.0137) to be vaccinated to prevent one RV associated hospitalization, 42 (ARR 0.0237, 95%CI 0.0210-0.0266) to prevent a severe RVGE, six (ARR 0.160, 95%CI 0.1435-0.1776) to prevent a RVGE of any severity and 40 (ARR 0.0249, 95%CI 0.0193-0.0305) to prevent a severe AGE. The pooled data showed a high grade of heterogeneity for each predefined outcome with I 2 ranging from 69-83%. Variability was substantial, but all effects were pointing clearly in the same direction [106] . No evidence of publication bias was detected for any of the outcomes (Appendix V, Fig. 1, Fig. 2 , Fig. 3, Fig. 4 ).
Conclusion
The identified studies consistently demonstrated a high RV vaccine efficacy against outcomes rated as important or critical. The overall quality of evidence derived from the included studies is high. The high level of heterogeneity is worth mentioning; however, as all study results were pointing in the same direction with overlapping confidence intervals favouring vaccination, the pooled analysis was considered acceptable and heterogeneity not an obstacle to decision-making.
Efficacy of RX and RQ against different RV genotypes
The genotype-specific efficacy of RX and RQ against RVGE of different degrees of severity had been evaluated in phase III randomized controlled trials [100, 102, 103, 104, 107, 108] . Here, the results are presented briefly:
Genotype-specific efficacy of RQ vaccine. RQ was designed to prevent RVGE caused by the genotypes contained in the vaccine (G1, G2, G3, G4). Protective efficacy of RQ against specific G genotypes (G1-G4 and G9) was measured as reduction of the RVGE incidence of any severity, and as reduction in the rate of hospitalizations and emergency department visits due to RVGE that occurred at least 14 days after the 3rd dose of vaccine in the 1st RV season following vaccination (. Tab. 1).
With regard to the reduction of hospitalizations and ED visits, RQ efficacy data were also presented for the 2nd year after vaccination. Results for VE in the 2nd year were comparable to those of the 1st year. However, the numbers of events observed-especially for non-G1 genotypes-were small, resulting in large CIs and non-significant results for G2, G3, G4 and G9. Due to the very low incidence of RVGE caused by non-G1 genotypes observed during the clinical trials, further research is needed to ascertain the efficacy of RQ against all rare genotypes.
Genotype-specific efficacy of RX vaccine. RX is a monovalent vaccine and contains only G1P [8] . Cross-protection against infection due to non-G1 genotypes was expected because P [8] is shared by most other circulating RV strains and protection is also associated with VP2 and VP6 and non-structural proteins. Protective efficacy of RX against specific G genotypes (G1-G4) was measured as reduction in the incidence of severe RVGE (i.e. Vesicari score ≥11) as well as RVGE of any severity occurring at least 14 days after the 2nd dose of vaccination, during the 1st and 2nd year of life (. Tab. 2). VE against severe RVGE caused by non-G1 strains showed considerable variation, ranging from 45 to 100% during the 1st year and from 75 to 100% during the 2nd year after vaccination. Efficacy estimates for G2, G3, G4 and G9 showed broad CIs, but were statistically significant for all except G2-serotypes [100, 107, 109] . Data from a small Asian trial showed non-significant results for G4 and G9 as well [102] . Due to the small numbers of participants with RVGE caused by non-G1 genotypes observed during the clinical trials, further research is needed to clearly establish the efficacy of RX against all rare genotypes.
Effectiveness and impact of RV vaccines
Description of studies
In contrast to VE, which is usually assessed in RCTs by administering vaccines and observing outcomes under controlled conditions in a cohort of healthy participants, vaccine effectiveness and impact of vaccination are assessed in the general or the target population after the vaccine went into widespread use. While vaccine effectiveness is a measure of direct vaccine protection for the vaccinated as compared to non-vaccinated individuals, impact of vaccination includes direct and indirect effects at population level and depends-among other variables-on the vaccination coverage. Despite methodological limitations due to their study design, observational studies and ecological studies can add important evidence on the effects of the vaccine, e.g. on rare outcomes (such as RV-related death), outcomes difficult to measure in RCTs (such as nosocomial infections), or population-level effects (such as herd protection). Of 469 potentially eligible articles identified in a database search, we identified 8 case-control studies, 5 cohort studies and 22 impact studies to be included in the final analysis (Appendix I, Tab. 4, Fig. 2 ). Detailed study characteristics are reported in Appendix III (Tab. 1: cases-control studies, Tab. 2: cohort studies, Tab. 3, Tab. 4, Tab. 5, Tab. 6: impact studies).
Case-control studies
Of eight included case-control studies, five were conducted in the US where RQ was predominantly used, two were performed in Spain, and one in Israel where both RV vaccines were administered [110, 111, 112, 113, 114, 115, 116, 117] (Appendix III, Tab. 1). The following outcomes were considered: RVGE requiring hospitalization and/or an emergency department (ED) visit (knowing that the majority of ED visits resulted in hospitalization) and RVGE of any severity in outpatients (this outcome was only featured in Spanish studies). In six of eight studies, cases and controls were matched for age and RV seasonality. In all included studies except one, adjusted ORs and/or vaccine effectiveness were reported. Effect measures were mostly controlled for the following potential confounders: age, seasonality, study site, and in some studies also for gender, race/ethnicity, insurance status, and socioeconomic status. Only in one study was the analysis controlled for breastfeeding, attendance of a daycare fa-cility, siblings, preterm birth, underlying diseases, and tobacco smoke exposure. In all studies but one, ORs and/or vaccine effectiveness were reported for fully or partially vaccinated children. The range of median and mean age, respectively, of case patients was 9-17 months. Studies were conducted between 2006 and 2011 and included mostly 2-3 RV seasons. Overall, 1566 cases and 11,700 controls were included in the eight studies.
Four studies used one control group while the four remaining studies had two control groups. Control subjects were defined as children with RV negative AGE leading to hospitalization (n=6 studies), children with acute respiratory infection leading to hospitalization (n=2), children from an immunization information system (IIS) (n=2), children who were hospitalized for other reasons than RVGE (n=1) or attended the same medical practice for routine care (n=1).
Although we identified heterogeneity in selection of controls, controlling for possible confounding, study period, and vaccines used, we conducted a meta-analysis of ORs. The forest plot with numbers of cases and controls included in each study, and crude OR for individual studies and from pooled data is shown in . Fig. 4 .
Pooled ORs showed that RV vaccination is effective in preventing RVGE requiring hospitalization, based on both adjusted data, and on crude data. A forest plot with adjusted data is presented in Appendix IV, as well as another plot on pooled ORs regarding to RVGE of any severity. After at least two doses of RV vaccine, pooled vaccine effectiveness to prevent RVGE-associated hospitalization was estimated at 84% (95%CI 78-88%), and after one dose 81% (95%CI 56-92%), respectively. Pooled ORs were homogenous and consistent. The 95% CI were wide only in studies with very small numbers of events.
Conclusion.
The effectiveness data assessed in case-control studies confirmed the efficacy data of the RCTs reported above. We can conclude from meta-analyses of case-control studies that RV vaccination proved very effective also under field conditions.
Cohort studies
A total of five cohort studies were identified after applying the inclusion and exclusion criteria [116, 118, 119, 120, 121] (Appendix III, Tab. 2). Of these, two studies were nested in impact studies. Two studies were conducted in the US, one in Australia, one in Israel and one in France. In four studies RQ was used, and in one RX. Data were compiled by active hospital surveillance (n=2), by analysis of hospital admission data (n=1) or health insurance claim data (n=2). The primary outcomes were prevention of RVGE or all cause AGE leading to hospitalization in non-vaccinated or fully vaccinated children younger than 1 year (n=2), 2 years (n=2) or 3 years of age (n=1). In two studies, the risk reduction of all cause AGE in outpatients associated with the use of RV vaccine was calculated. The following information on study subjects was available: age, RV vaccination and disease status, geographical region and setting. Only the study from Israel stratified its analysis according the children's socioeconomic status. None of the studies was controlled for potential confounding factors. Overall, 141,352 children's health and vaccination status data were included in the cohort studies used to determine vaccine effectiveness. A meta-analysis was conducted although we identified heterogeneity in the source of study subjects, data collection, study period, age of children and vaccine type. Pooled effectiveness to prevent RVGE-associated hospitalization was estimated to be 94% (95%CI 81-98%) (. Fig. 5 ). Pooled RRs of data on preventing all cause AGE leading to hospitalization and in outpatients, respectively, are reported in Appendix IV.
Conclusion. Pooled data of cohort studies were in line with results of case-control studies and RCTs assessing vaccine efficacy. However, the quality of data reported by Wang et al. were questionable as no case of hospitalized RVGE and only one outpatient case with RVGE were observed in of over 30,000 vaccinated children in two RV seasons. It is also questionable if studies based on health insurance claims and/or ICD-9 or ICD-10 codes are exempt of bias.
Impact studies
A total of 22 impact studies fulfilled our inclusion criteria (Appendix I; Fig. 1 ) [78, 118, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141] . Of these, five were conducted in Europe, nine in the US, five in Australia, and three in Mexico. In these countries, RV vaccines became available in 2006 or 2007. In Europe and Australia both vaccines were available on the market; in the US RQ and in Mexico RX were predominantly used. In the majority of studies, the study period lasted 2-3 RV seasons (range 1-4) after introduction of routine RV vaccination. Only in one study performed in Greece RV vaccination was not included in the national childhood immunization schedule. Age of the examined study population varied: Mostly, data of children under 5 years of age (n=11 studies) or of all ages (n=7 studies) were analysed; in two studies children under 3 and in three studies children under 18 years of age were included. In all studies, data on RVGE and all cause AGE in the "post-vaccination period" were compared with data of the "prevaccination period". Data were collected from hospitals or emergency departments (ED) by screening of admission data; one study included patients from a network of paediatric practices. RV diagnosis was always confirmed by laboratory testing. In five studies, only data on laboratory diagnosis were analysed. Outcome variables were the number or rate of hospitalizations or admissions due to RVGE or all cause AGE, episodes of RVGE, or all cause AGE in outpatients, and total number or rate of laboratory-confirmed RV infections. Information on study participants usually included age, geographic region, study period and RV laboratory test results. In 14 of 22 studies, RV vaccination coverage was reported (range 30-90%).
Impact on RV disease incidence. All impact studies report a dramatic decrease of RVGE over one or two RV seasons after the introduction of routine RV vaccination in infants; 12 studies reported a significant reduction of RVGE hospitalizations [ [129] , respectively, depending on the level of vaccination coverage, duration of observation period, and age distribution of observed subjects (study details and results are shown in Appendix III, Tab. 3, Tab. 4, Tab. 5, Tab. 6). With respect to AGE of all causes, seven studies described a decline in hospitalizations or ED visits [118, 121, 126, 128, 133, 137] and one study reported a decline in episodes of all cause AGE in children younger than 5 years treated as outpatients [121] .
The identified studies consistently attested a strong effect of RV vaccination on different patient-relevant outcomes including hospitalization, RV infection, and all cause AGE, shown by various investigators in various settings. The effect also depicted a dose-response relationship at population level, with the magnitude of decreased disease incidence corresponding to the level of vaccination coverage. Despite the limitations inherent to ecological studies, the strength of effect, consistency over different study settings and investigators, and the population-based dose-response contribute to the confidence in the effects of RV vaccines and confirm the high vaccine efficacy identified in RCTs.
Impact on nosocomial infections and herd protection. Since herd protection and nosocomial infections cannot easily be assessed in RCTs, data from impact studies were used instead. Herd protection was assessed by 18 [78, 118, 121, 123, 124, 125, 126, 127, 128, 129, 131, 132, 133, 134, 135, 137, 138] of the included 22 studies, the other four studies did not report on this aspect. Of these 18 studies, 11 demonstrated a significant decrease of RVGE in age groups not eligible for vaccination, and two studies concluded on a possible effect (Appendix III). The included studies primarily considered children and adolescents under the age of 18. Additionally, herd protection regarding all cause AGE was observed in six studies. By contrast, five studies did not evidence herd protection. Parallel to observed herd protection, some studies reported a relative but not absolute increase of RVGE or all cause AGE in older age-groups or a higher median age in children hospitalized due to RVGE. Since herd protection depends on the achieved vaccination coverage in infants and coverage rates differed between the different considered studies, study results were not pooled and a pooled effect was not estimated. In the above-mentioned 11 studies, the incidence reduction in age groups not eligible for vaccination varied between 17-76%.
Four studies described an effect of RV vaccines on nosocomial RVGE [125, 127, 131, 134] . All four studies had an ecological study design, comparing rates of nosocomial infections before and after the introduction of RV vaccines. Data for calculations were extracted from three of these reports. Meta-analysis estimated that introduction of RV vaccines reduced the incidence of nosocomial infections by 76% (95%CI 40-91%) (. Fig. 6 ) (Appendix III, Tab. 3, Tab. 4, Tab. 5, Tab. 6). The three studies pooled for meta-analysis had comparable settings with RV vaccination coverage of 31-87% and observation periods of 3-5 years after vaccine introduction.
Impact on RV-related mortality. Data from Mexico demonstrated a decrease in diarrhoea-related mortality in children under 5 years of age, amounting to 35% in the 3rd season after introduction of RV vaccination, and 56% in the 4th season [139, 140] . Since fatalities due to RV infections are rare in industrialized countries, studies assessing the impact of RV vaccines on RVGE-and AGE-mortality were only performed in developing countries. However, their results are convincing and confirm the beneficial effects of RV vaccines, even though they are not transferable to the German healthcare system setting, where almost no RV-related mortality occurs.
Impact on viral strain replacement. Because of the short time period since the introduction of RV vaccines, data on re- [78] . However, a longer observation period is necessary to clearly differentiate between natural fluctuations and replacement due to vaccination. Based on the available literature, the level of evidence related to this effect must be regarded as very low.
Conclusion.
The identified impact studies confirm our confidence in the effects of RV vaccines in reducing all cause AGE, RV infections, and hospitalization, in addition to data from RCTs. Furthermore, based on data from these impact studies, we are confident that a reduction in RV disease incidence in age groups not eligible for vaccination and in hospitalized individuals is also likely to occur. At this point of time, it is unknown if viral strain replacements after routine RV vaccine introduction is likely to occur, and the quality of evidence concerning this question is still very low.
Studies on vaccine impact and effectiveness in Germany published after the systematic literature review was accomplished
In 2012-after the accomplishment of the above described systematic reviews-two observational studies were published that were conducted in Germany. One studied the impact of RV vaccination at population level [142] , the other vaccine effectiveness and risk factors for vaccine failure in one German federal state [143] . This was possible since, despite not being adopted into the national immunization schedule, RV vaccines were available on the market since 2006, entailing a moderate (58%) vaccine uptake in the 5 eastern federal states (EFS) and low (22%) uptake in the 11 western federal states (WFS) in 2010, respectively. The impact of RV vaccination was assessed by comparing the incidence rates (IR) of RV-related hospitalizations before (2004) (2005) (2006) and after (2008/09-2010/11) RV vaccines became available in Germany, utilizing data from the national mandatory disease reporting system [58] . Overall reduction in IR reduction in age groups under 24 months was 36 and 25% in EFS and WFS, respectively. When computing IR ratios (IRR) in the seasons after mid-2006 with negative binomial regression, the effect of vaccination was independent of the geographic region. Vaccination was associated with a significant reduction in RV-related hospitalizations in children aged 6-23 months. Most remarkably, vaccination of 50% of all infants achieved an estimated 42% decrease of hospitalization rate in children in the age group 6-11 months. No significant reduction was observed in children aged 24 months or more, possibly due to the low/moderate vaccination coverage and the fact that noteworthy vaccination coverage was only achieved in the last 2 years. This study also demonstrated a decrease of nosocomial RV cases, which was, however, significant only in those aged younger than 12 months: 36-38% reduction was shown in the age group 6-11 months in both WFS and EFS [142] . RV vaccine effectiveness was assessed in 2010/11 in the federal state of Mecklenburg-Western Pomerania by applying the screening method, and an integrated case-control study was conducted to assess risk factors for breakthrough infection [143] . Vaccine effectiveness for the prevention of RV infection requiring medical attention or hospitalization was estimated at 68% (95%CI 61-71) and 80% (95%CI 77-83), respectively [144] . Vaccine effectiveness for preventing hospitalization but not medical attention remained stable over 2 years. Vaccinated children required hospitalization less often than unvaccinated RV-infected children (23% vs. 61%; p<0.001). Breastfeeding (OR =3.99; 95%CI 1. 92-8.27 ) and attending daycare (OR =3.42; 95%CI 1.64-7.12) were independently associated with breakthrough infections. Genotype G1P [8] was detected more frequently in RQ-vaccinated (44% vs. 11%; p<0.03) and G2P [4] in RX-vaccinated children (42% vs. 6%; p<0.02) [143] .
Safety of RV vaccines
Intussusception
Intussusception is the most common cause of bowel obstruction in infants and young children. It occurs if one segment of the bowel is invaginated into the next. If the resulting obstruction is not relieved, the vascular supply of the bowel segment is compromised, resulting in ischemia; which may even be fatal [145] . After licensure of the first oral RV vaccine (Rotashield ® ) in the US in 1998, a 37-fold higher than expected risk of intussusceptions was observed within 3-7 days following the 1st RV vaccine dose, which led to a market withdrawal of the vaccine only 9 months after its introduction [146] . The vaccine-attributable risk for Rotashield ® was calculated to be around 1 per 5000-10,000 vaccinated children [147] .
For these reasons increased attention with regard to intussusception was paid to the new generation of RV vaccines as well, and reliable baseline incidence data of intussusception for children in their first year of life are essential for post marketing monitoring. In a capture recapture analysis, the annual incidence of intussusception in infants (i.e. age <12 months) in Germany was estimated at 61.7/100,000 (95%CI 54.5-70.1) [148] . The incidence varied by month of age with a range between 19.2/100,000 cases in the first 3 months and 98.5/100,000 cases at 6-8 months of life.
In the available Cochrane review, 13 trials reporting the incidence of intussusceptions after vaccination with RX or RQ were included. We identified two additional studies that were published after the Cochrane review [102, 105] , and we added these data to the meta-analysis. In total, 30 cases of intussusception were reported among 87,765 vaccinated children, compared to 19 cases among 79,418 children in the placebo arm (after pooling data from both vaccines: RR 1.21, 95%CI 0.68-2.14) (. Fig. 7) .
One of the largest studies included in the meta-analysis was a multicenter RCT that evaluated the efficacy and safety of RX in 63,225 infants in 10 Latin American countries and in Finland (. Fig. 7 , study acronym: Ruiz-Palacios-2006-RX) [100] . Healthy infants between 6 and 13 weeks of age received two oral doses 1-2 months apart. To assess the risk of intussusception, participants were monitored for 31 days after the administration of each dose. During this period, confirmed intussusception occurred in six of 31,673 vaccine recipients and seven of 31,522 placebo recipients (RR 0.85; 95%CI 0.30-2.42) after any dose. A clustering of cases after either dose was not observed.
For RQ, a multicentre trial conducted in 12 countries (Belgium, Costa Rica, Finland, Germany, Guatemala, Italy, Jamaica, Mexico, Puerto Rico, Sweden, Taiwan and USA) included 69,625 children; 82% were recruited in Finland and the USA (. Fig. 7 , study acronym: Vesikari-2006-RQ) [101] . Healthy infants between 6 and 12 weeks of age received three oral doses 4-10 weeks apart. All subjects were monitored for serious adverse events, including intussusception, for 42 days after each dose. During this period six confirmed intussusception cases occurred among 34,837 vaccine recipients and five among 34,788 placebo recipients (RR 1.6, 95%CI 0.4-6.4) after any dose. A clustering of cases after any dose was not observed.
In summary, in the published RCTs no statistical significance between receipt of either RV vaccine and intussusception was identified [100, 101, 105] . No evidence of publication bias was detected regarding risk of intussusception (Appendix V, Fig. 5 ). However, even though the pre-licensure safety trials of both second-generation vaccines involved more than 130,000 subjects, they were underpowered to detect rare events occurring at rates below 1 in 50,000 vaccine recipients. For this reason, we decided to systematically review all available observational studies that assessed the risk of intussusception in the post-marketing period.
Observational studies regarding risk of intussusception
We identified 9 observational studies that met the inclusion criteria. Five studies evaluated RQ, two studies RX, and two further studies both RV vaccines. Details of the individual studies are presented in Appendix III (Tab. 7). Study results pointed to a slightly elevated relative risk for intussusception 1-7 days after the 1st dose of vaccination.
The five post-licensure studies exclusively examining the risk of intussusception following RQ vaccination were all conducted in the US between 2006 and 2010 [149, 150, 151, 152, 153] . Monitoring for intussusception was conducted in all but one study [152] by using data from the Vaccine Adverse Event Reporting System (VAERS), a national passive surveillance system, and the Vaccine Safety Datalink (VSD), a cohort of children enrolled in managed care. These data did not indicate any increased risk of intussusception after RQ, although the possibility of a marginal risk (<1: 65,000) cannot be excluded [149, 150, 151, 153] . Until 2010, a total of 786,725 doses including 309,844 first doses have been administered, and no statistically significant risk augmentation was observed following either dose in the 1-to 7-day or the 1-to 30-day risk window [153] . For the 1-to 7-day window after the 1st dose, one case was observed compared with 0.8 expected cases (standardized incidence ratio [SIR] 1.21; 95%CI 0.03-6.75).
In Australia, two post-marketing studies on the risk of intussusception were conducted between 2007 and 2009 [154, 155] . The first study was conducted using two surveillance systems, the Paediatric Enhanced Disease Surveillance (PAEDS) hospital-based network and the Australian Paediatric Surveillance Unit (APSU) [154] . Through enhanced surveillance and an observed vs. expected analysis a four-fold increased risk in intussusception in infants within the 1-to 7-day period after the 1st dose of either vaccine was found, but no significant increase in overall intussusception rates up to the age of 9 months, compared with historical data (RR 3.5; 95%CI 0.7-10.1). The second study, a large self-controlled case series, used data on all hospitalized cases coded as intussusception from four Australian territories [155] . A statistically significant four-fold increase in the occurrence of intussusception 1 to 7 days after the 1st dose of RQ or RX compared with other time periods after immunization was found (RR 4.1; 95%CI 1.3-13.5) [155] .
To assess the risk of intussusception after administration of RX, a case-series analysis and a case-control study were conducted in Mexico and Brazil between 2008 and 2010 [156] . In Mexico, an increased risk of intussusception within 1-7 days after the 1st dose was identified in both the case-series analysis (incidence ratio (IR) 5.3; 95%CI 3.0-9.3) and the case-control method (OR 5.8; 95%CI 2.6-13.0). In Brazil, where the 1st dose was co-administered with oral polio vaccine, risk was unaltered after the 1st dose, however increased after the 2nd dose in both the case-series analysis (IR 2.6; 95%CI 1.3-5.2) and the case-control method (OR 1.9; 95%CI 1.1-3.4).
In summary, post-marketing monitoring indicates the possibility of a slightly increased relative risk of intussusception shortly after the 1st dose of RV vaccines. The risk observed in the studies identi- fied and included in this review is substantially lower than the risk in infants who received the Rotashield ® vaccine, and corresponds to an absolute risk difference of approximately 1-2 additional cases of intussusception per 100,000 infants vaccinated. Based on the experience with Rotashield ® , WHO suggests that a higher risk of intussusception is also possible for RX and RQ if the 1st dose is administered to infants older than 12 weeks [157]. For Rotashield ® , the association between vaccination and intussusception was dependent on the age at 1st dose, i.e. only children aged >90 days had an increased risk for this severe complication [81] . After RX and RQ were licensed in Europe, the Paul-Ehrlich-Institute (PEI), the national regulatory authority in Germany, conducted an observed versus expected analysis to investigate whether the risk for intussusception was elevated after vaccination with RX or RQ in Germany. Subgroup analyses revealed that infants aged 4-6 months were at increased risk to develop an intussusception 1-7 days after the 1st dose of either RV vaccine as compared to younger infants [158] . Therefore, the timely start of the vaccination series is highly recommended.
Kawasaki disease
Kawasaki disease is a rare childhood disorder of unknown aetiology that is characterized by high fever and inflammation of the blood vessels, predominantly affecting coronary arteries [159] . Based on clinical and epidemiological features, an infectious etiology is strongly suspected. Kawasaki disease occurs worldwide in children of all races, but with regional variation of incidences. The highest incidences were observed in persons of Asian ethnicity (138/100,000), while in Europe the incidence in children is estimated at ≤15/100,000 person-years [160, 161] .
In the above mentioned Cochrane review, two trials reported on the incidence of Kawasaki disease. We performed a systematic search in December 2011 covering the time period after conduct of the Cochrane review and identified additional four studies [ 100, 101, 102, 103 ]. In the In Germany overall incidence of RV hospitalization in children ≤ 2 years of age is 1%, in East Germany incidence of RV hospitalization is 2%. This is most likely caused by different diagnostic behaviour of physicians related to laboratory confirmation of GE cases. e RR <0.5; thus, large effect. f RR >0.5; thus, not a large effect given. g a) since all 3 studies have an ecological design, ecological fallacy is possible, b) in one study no clinical definition of nosocomial RVGE is given. h
No direct comparison between vaccinated and non-vaccinated participants was conducted. i
Could not be calculated (see footnote j). j pooled RR is based on post-vs pre-vaccination period incidence rates. k
Intussusception not defined as outcome in all studies, observation period in some studies not clearly defined. Since studies are blinded and randomisation took place it is unlikely that this causes a risk of bias. l
Sample size of studies underestimated, optimal information size criterion not met. m
Estimation of the effect is in line with overall results of observational studies carried out to examine the risk of intussusception in rotavirus vaccine recipients. n
Kawasaki not defined as outcome in all studies, observation period in some studies not clearly defined. Since studies are blinded and randomisation took place it is unlikely that this causes a risk of bias. o Limitation of study design, because of co-administration of other vaccine parallel to rotavirus vaccine administration and therefore impossible to distinguish which vaccine is responsible for the cause of side effects. Placebo composition might contain irrigating substances; no real placebo (e.g. glucose solution) was tested. Time periods for observation of reactogenicity outcome (fever, diarrhoea, vomiting) vary between studies (7-42 days).
clinical trials providing data about Kawasaki disease, this was not listed as a predefined outcome, but cases were reported as serious adverse events. Therefore, no uniform definition for the case classification was applied. In the pooled analysis, 23 cases of Kawasaki disease were reported in a total of 53,082 vaccinated children, compared with 11 cases in 49,807 children in the placebo arm (. Fig. 7) . In summary, no statistically significant increased risk for children receiving either RV vaccines was detected (RR 1.58, 95%CI 0.78-3.18). There was no evidence of publication bias regarding risk of Kawasaki disease (Appendix V, Fig. 7 ).
In one RCT assessing efficacy and safety of RQ, 6 Kawasaki cases were identified; 5 among 36,150 vaccine recipients and 1 among 35,536 placebo recipients (crude RR 4.9; 95%CI 0.6-239.1) [101] . All cases after administration of RQ occurred within 30 days after vaccination. Although the association was not statistically significant, the manufacturer added Kawasaki disease to the list of potential serious adverse events in the Summary of Product Characteristics in June 2007. Post-marketing monitoring for Kawasaki disease is currently ongoing, but so far no elevated risk of Kawasaki disease after RQ vaccination was observed [162] .
The serious adverse event database of PEI, the German regulatory authority, provides information on spontaneously reported cases of suspected adverse events following immunization in Germany. Since licensure of RV vaccines (time period: 2006-2010) four Kawasaki cases after vaccination with RQ and no case after vaccination with RX were reported in Germany, against the background that the two vaccines are used almost equally on the basis of survey results [142, 163, 164] . No clustering of cases with regard to age, gender and time of onset after vaccination was observed. According to PEI, as of today no association between RV vaccination and Kawasaki disease has been detected [165] .
Reactogenicity
The incidences of fever, diarrhoea and vomiting following RV vaccination were evaluated at several time points after each dose and at the end of the followup period in most RCTs. Since the results for the different time points show identical point estimates, we decided to assess the pooled data for the events after the 1st dose. In the pooled analysis, no statistical significant differences were observed between the intervention arm (RQ or RX) and the placebo group for the occurrence of fever (RR 1.12; 95%CI 1.02-1.24), vomiting (RR 1.11; 95%CI 0.97-1.26), and diarrhoea (RR 1.01; 95%CI 0.87-1.18) (Appendix IV). However, these figures must be interpreted with caution, since in most RCTs, the RV vaccine was co-administered with other childhood vaccines and the suspension which was used as a placebo might also cause adverse events itself. Therefore, it remains unclear whether fever, diarrhoea, or vomiting were attributable to the RV vaccine or not.
Level of evidence related to RV vaccine efficacy and safety
Evidence of benefits and harms of RV vaccines was judged by the STIKO WG and is presented in the evidence profile (. Tab. 3). All data included in the evidence profile are from RCTs with the exception of nosocomial infections, which were evaluated in ecological (geographical association) studies. Quality assessment did not reveal any serious problems related to the evidence on the vaccine efficacy with regard to the considered outcomes. Therefore, the quality of evidence on vaccine efficacy in preventing RV-related hospitalization or severe RVGE was considered high. In addition, all RCTs consistently demonstrated a very strong protective effect of the vaccination. This effect was further confirmed by observational studies, which demonstrated strong effects of RV vaccination in populations with RV vaccination programs, and a stronger impact was observed in areas with higher vaccination coverage indicating a dose-response gradient at population level [142] . Though these observational studies were not considered in the evidence profile, they corroborate our confidence in the estimates of protective effects of RV vaccination. Regarding the impact of vaccination on nosocomial infections, the evidence had to be judged as very low, due to high risk of bias and indirectness (ecological study designs).
The quality of evidence related to adverse events following RV vaccination was judged as moderate. The sample size of RCTs was not sufficient to reliably assess very rare events such as intussusception. However, evidence derived from observational studies suggests a slightly increased relative risk for intussusception with a magnitude, which still lies within the 95%CI of the pooled analysis of data from RCTs (RR 1.21, 95%CI 0.68-2.14). The quality of evidence related to reactogenicity was judged as moderate, since other childhood vaccines were co-administered and no fully inert placebo was used in the RCTs.
According to the GRADE methodology, the overall quality of evidence across all critical outcomes was moderate.
Economic evaluation of RV vaccination in Germany
In 2010/11 an economic evaluation was performed by an independent consultancy in cooperation with the RKI to estimate the costs of RV diarrhoea and RV vaccination with RX or RQ, and the costeffectiveness of RV vaccination in Germany from the perspective of the German statutory health insurance (GKV) and the societal perspective. The following health outcomes were considered: numbers of RV cases and RV-associated hospitalizations avoided, and quality-adjusted life years (QALY) gained. A time horizon of 5 years was considered. Here, we summarize the methodology and main results of the evaluation. The full report is available in German on the website of the RKI (http://www.rki.de/ impfen).
In November 2010, a systematic literature search was carried out to identify studies relevant for the efficacy, costeffectiveness and cost-utility ratio of RV vaccination. Databases considered were Medline, CRD Database and Cochrane Library. The systematic search covered publications between 2004 and November 2010. Only studies published in English, Spanish, German or French were included. Publications were selected based on defined inclusion and exclusion crite-ria. The systematic literature search was continually updated by hand-search until December 2011.
A Markov model with three health states (healthy, death due to RV infection, death due to other causes) was developed [174] . In each of the monthly cycles, an RV infection can occur, which is then treated either in hospital, on an outpatient basis or at home without healthcare consultation. Three intervention arms were compared in the model calculations: (1) no vaccination, (2) vaccination with RX and (3) vaccination with RQ. Costs and health outcomes were discounted at 3% per year. Price catalogues such as the German doctor's fee scale ("Einheitlicher Bewertungsmaßstab"), diagnosis-related groups (DRGs), or the German medical information website "Rote Liste" (http:// www.rote-liste.de) were used for the cost calculations. From the healthcare payer perspective, the following costs were considered: The costs per vaccine dose assigned in the model were € 67.51 and € 45.09 for RX and RQ, respectively (list price for the German market as of October 2011). The cost of physician service charge per vaccine dose application was set at € 6.50. The average cost applied for outpatient and inpatient treatment of a RV disease case was € 49 and € 1583, respectively. To avoid an overestimation of costs due to work loss and caring for the sick child, a conservative approach was chosen by calculating these costs based on the labor costs of women only. The applied costs for paid leave (transfer costs from GKV health insurance) for mothers caring for their sick child were € 44 for home and outpatient care, and € 62 for inpatient care in the base-case analysis. The costs for surgical intervention for treatment of a case with intussusception following RV vaccination (€ 7451) were included in a sensitivity analysis.
When considering the societal perspective, indirect costs (costs associated with loss in productivity due to work absenteeism of caring mothers) were included: € 76 for outpatient and home care and € 106 for inpatient care per RV case. In addition, direct non-medical costs were included in these calculations with a lump sum of € 20 for increased use of diapers and transport costs.
Age-and treatment sector (inpatient/ outpatient)-stratified reporting data on RV incidence in children younger than 5 years for the time period [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] was provided by the RKI [5] . Presuming that a high number of RV cases remain undetected in a laboratory-based passive surveillance, the consistently higher RVincidences from the five eastern federal states in Germany (in comparison to 11 western federal states) was assumed to be more accurate. Therefore, the average incidence in the 5 eastern federal states was applied to the 11 western federal states for the same year, which ranged between 8.5 and 61.4 per 1000 children in the age groups 4-5 and 1-2 years, respectively. Furthermore, the number of patients without healthcare consultation was estimated by using a fixed multiplication factor (generated based on published literature) that was applied to the total number of reported RV cases.
The efficacy of RV vaccines was determined separately for both vaccines from RCTs identified in the systematic literature search. Only trials performed either in Europe or North America were considered [101, 104, 105, 175, 176, 177, 178, 179, 180, 181] . Pooled effects were calculated in a meta-analysis with respect to the prevention of RV cases and RV-associated hospitalizations. For the basecase analysis of the model, a vaccine uptake of 80% was assumed. Since no utility scores were available for the German setting, we considered published utility scores that were established in the United Kingdom [182, 183] . Utility scores considered in the model ranged from 0.891 for mild, 0.781 for moderate, to 0.425 for severe RV-disease in children under the age of 18 months. The values used for children between 18 months and 4 years of age were 0.844 for mild, 0.688 for moderate and 0.200 for severe RV-disease. Utilities were adjusted for disease duration of 3 days and according to a cycle length of 1 month. For the base-case analysis the GKV perspective was used, and the proportion of RV cases without healthcare consultation (home care) was assumed to be 78% [3] . The effects and all direct medical costs as well as sick pay for caregiving parents from the GKV perspective were included in the basecase analysis. Several structural sensitivity analyses and one-way sensitivity analyses were performed. Intussusception as a possible (severe) adverse event associated with RV vaccination was not considered in the base-case analysis, but in a sensitivity analysis [184] . For the structural sensitivity analysis, the following input parameters were varied: The assumed proportion of RV cases without healthcare consultation (from 78 to 41.1 to 0% of all notified RV cases [185] ), the duration of protection (from waning to stable immunity 3-5 years post vaccination), the efficacy of the RV vaccine (according to the 95%CI of the pooled estimates), the number of RV cases in outpatient care (assuming no or 50% underdetection of RV cases in this sector), as well as inclusion of effects and costs from the societal perspective. An additional analysis considered the development of herd protection. One-way sensitivity analyses were carried out for vaccine dose price (0.5-to 1.5-fold), vaccine administration costs (3 to 22 €), costs for hospital and outpatient treatment, discount rate (0-10%), vaccine uptake (60-90%), and utility scores (children under the age of 18 months mild: 0.783-0.998, moderate: 0.678-0.884, severe: 0.330-0.520; children between 18 months and 4 years of age mild: 0.742-0.946, moderate: 0.553-0.824, severe: 0.049-0.352).
In the base-case, the incremental costeffectiveness ratio (ICER) for RX was € 184 per RV-case prevented, € 2457 per RV-associated hospitalization avoided, and € 116,969 per QALY gained. For RQ, the results were € 234 per RV-case prevented, € 2622 per hospitalization avoided, and € 142,720 per QALY gained. According to the sensitivity analyses of various parameters, the ICER of vaccination compared to no vaccination was most sensitive to variations in the vaccine dose price.
When applying the results from the base-case scenario to the 2012 German birth cohort and assuming a vaccine uptake of 80%, the costs for vaccination would be 78-82 million Euro, resulting in an estimated 206,000-242,000 prevented RV-cases, 27,000-35,000 prevented outpatient-treated RV-cases, and 18,000 prevented RV-associated hospitalizations over 5 years. Therefore, healthcare costsavings would partially compensate the costs for vaccination. However, over a time period of 5 years, incremental costs amount to 44.5-48.2 million Euro.
Internal validity of the model was high as underlined by the comparison of the numbers of RV-infections calculated in the model and the observed absolute number of RV infections identified in the mandatory disease reporting system. The results of our analysis with regard to costs per RV-case prevented and hospitalization avoided were similar to those of other published cost-effectiveness studies identified in our systematic literature review. The costs per QALY gained were found to be different across studies, which may be attributable to different methodological approaches and/or the diversity of health system characteristics.
In conclusion, our analysis concerning the German healthcare system demonstrated that routine RV-vaccination could prevent a substantial number of RV cases and hospitalizations to higher costs. However, with vaccine prices reduced by approximately 62 to 66%, RV vaccination could even become a cost-saving preventive measure. Since there is no cost-effectiveness threshold in Germany, and since the utility scores were not derived from the German setting, the generated QALY results have to be interpreted with caution. In this analysis, each RV vaccine was compared to a scenario of no vaccination. A comparison between the two vaccines was not part of this assessment, as appropriate data are not available from clinical trials.
Immunization strategy and implementation of the recommendation
Immunization strategy and rationale for the recommendation
The goal of this recommendation is to prevent RV infections requiring hospitalizations especially among infants and young children in Germany through routine RV vaccination of all infants.
RV causes a substantial disease burden in Germany. Although fatal cases are very rare, the annual incidence of severe gastroenteritis and RV-associated hospitalizations among children under 5 years of age is high. Each year, approximately 55,000 medically-attended RVGE cases are reported. In more than two thirds of cases, children under 5 years of age are affected and approximately half of them are treated in hospital. Since these are only passively reported RV cases with laboratory confirmation, a significant underestimation of the true disease burden based on these data can be assumed. As the virus is extremely resistant in the environment, and the minimal infective dose for transmission is low, hygiene improvements have very little effect on virus transmission and spread of RV disease. At the same time, two RV vaccines are available on the market, and several RCTs provided high quality evidence on their strong efficacy in preventing RV disease and RV-related hospitalization. The numbers needed to vaccinate calculated on the basis of the VE retrieved from RCTs are low: 80 infants must be vaccinated to prevent one RV-related hospitalization, 42 to prevent one severe RVGE and six to prevent one RVGE of any severity. Observational studies also provided evidence that children not eligible for RV immunization may benefit from indirect vaccination effects (herd protection), and that the number of nosocomial infections may decline.
Considering potential downsides of vaccination, the assessment of the quality of evidence related to the safety of RV vaccines revealed a moderate level of quality. Considering both RCTs and observational studies, a slightly increased relative risk of intussusception shortly after the 1st dose is possible, corresponding to 1-2 additional cases per 100,000 infants vaccinated. Another downside of routine vaccination is that-based on current vaccine dose prices-healthcare cost-savings would only partially compensate the costs for vaccination. Therefore, this intervention incurs considerable incremental costs.
After thoroughly weighting the benefits and downsides of this intervention, the STIKO recommends routine RV vaccination of children under the age of 6 months in Germany. There is no preference for either of the two available RV vaccines. Although the absolute risk for intussusception following RV vaccination is very small, further monitoring will be necessary, and parents as well as physicians should be aware of this potential adverse event and the associated symptoms in order to take necessary action at an early stage. Timely vaccination with completion of the vaccination series before 24 or 32 weeks of age, depending on the product, should be reinforced. With the introduction of routine RV vaccination, replacement and reassortment of RV strains might occur, but the vaccines have not yet been on the market for sufficiently long time to estimate the risk for these events. However, molecular surveillance systems are in place to monitor and detect possible changes. Furthermore, a mandatory countrywide disease reporting system has been in place for more than 10 years. This system will be utilized to estimate the impact of RV vaccination on RV disease incidence in various age groups and to evaluate to which extent the primary goal of reducing RVrelated hospitalizations will be achieved.
Implementation of the recommendation
Dosage and schedule
The vaccination series of RQ consists of three oral doses. The 1st dose should be administered as early as possible from the age of 6 weeks and up to the age of 12 weeks. The vaccination series of three doses should preferably be completed before the age of 20-22 weeks, and latest by the age of 32 weeks. Doses should be given at least 4 weeks apart [87] . The vaccination course of RX consists of two vaccine doses. The 1st dose should be administered as early as possible after the age of 6 weeks. The vaccination series should preferably be completed before 16 weeks of age, and latest by the age of 24 weeks. Doses should be given at least 4 weeks apart [84] .
Concomitant administration with other childhood vaccines
Oral RV vaccination can be easily adopted into the national immunization schedule as it can be administered con-comitantly with other standard vaccines of early childhood. Concomitant application of RV vaccines with Diphtheria-tetanus-acellular pertussis vaccine (DTaP), Haemophilus influenzae type b vaccine (Hib), inactivated poliovirus vaccine (IPV), hepatitis B vaccine (HBV) and pneumococcal conjugate vaccine (PCV) has been evaluated. These studies demonstrated that the immune responses and the safety profiles of all administered vaccines, irrespective of monovalent or combination vaccine use, were unaffected [84, 87] .
Premature infants
Data suggest that preterm infants are at increased risk for hospitalization from RVGE during the first 1-2 years of life [166] . RQ or RX should be given to prematurely born infants provided that the period of gestation was at least 25 (RQ) or 27 (RX) weeks. Like maturely born infants, preterm infants should receive the 1st vaccine dose 6 weeks after birth, or the earliest possible time thereafter [167, 168] .
Previous RV infection
Infants having suffered a RVGE before receiving the full course of RV vaccination should nevertheless begin or complete the vaccination course, because the initial infection provides only partial immunity for the prevention of subsequent RV disease [169] .
Contraindications
RV vaccines are contraindicated in children with severe combined immunodeficiency (SCID). SCID includes several rare, life-threatening genetic disorders resulting in deficient T-and/or Blymphocyte function. The estimated annual incidence of SCID is one case per 50,000-100,000 live births [170] . Infants with SCID commonly experience chronic diarrhoea, failure to thrive and early onset of severe infectious diseases. SCID is usually diagnosed after an infant has acquired a severe, potentially life-threatening infection caused by one or more pathogens. Between 2006 and 2010, eight infants were diagnosed in the US with SCID between the age of 3 and 9 months who had received 1-3 doses of RV vaccine before the diagnosis was made [171, 172] .
Infants with other known or suspected altered immunocompetence should be presented to a clinical immunologist before RV vaccine administration. Infants with a previous history of intussusception or with uncorrected congenital malformations of the gastrointestinal tract that would predispose for intussusception should not be vaccinated against RV. Children who have a history of anaphylactic reaction to any component of the vaccine or showed hypersensitivity after previous administration of RV vaccines should also not be vaccinated nor receive further doses [84, 87] .
Viral shedding and transmission of vaccine virus
RX-prelicensure studies reported that shedding of RV can be detected in 50% (35-80%) of RX vaccine recipients and is more common after the 1st dose than after the 2nd dose (4%). Excretion of RX peaked around the 7th day post vaccination. Live vaccine strains were present in approximately 17% of cases with viral shedding. Transmission of excreted vaccine virus to seronegative contacts of vaccinees has been observed, however, without causing clinical symptoms [84, 97, 173] . Shedding of RQ occurred in 0-13% of vaccine recipients in clinical trials after the 1st dose, in 0-7% after the 2nd dose and in 0-4% after the 3rd dose. Transmission of RQ, although not as well studied as for RX, might be less likely because of a larger inoculum dose required for infection [87, 96, 173] . Nevertheless, RV vaccines should be administered with caution to infants with close contact to immunocompromised persons. These contacts should be advised to avoid contact with the stool of the vaccinated child, for at least 14 days, particularly after the 1st dose.
Evaluation of the vaccination recommendation
When introducing RV vaccination into a national immunization program, adequate surveillance systems are crucial to monitor the vaccine's impact at population level and to detect rare adverse events related to the vaccine in a timely manner. In Germany, several systems exist to monitor the effects of RV vaccination.
Monitoring of RV disease epidemiology
With the implementation of the Protection against Infection Act in 2001, RV became a notifiable disease in Germany [58] . On a weekly basis, case-based information on laboratory-confirmed acute RV infections is collected countrywide by local health authorities, initiated by the notification of all positive RV test results in local laboratories. The information on each case includes age, sex, residency, onset of symptoms, hospitalization, fatal outcome, laboratory method used for diagnosis and RV vaccination status. Data are electronically forwarded from the local health authority via the state health department to the federal public health institute, the RKI [186] . As the disease reporting system has not been modified since its inauguration, the data are suitable to determine the impact of RV vaccination on RVGE incidence and RV-related hospitalization in all age groups. They also allow the detection of possible effects in older age-groups not eligible for vaccination. In addition to the mandatory disease reporting system, the Federal Statistic Office of Germany routinely retrieves RV discharge diagnoses from hospitals, which can be used for external validation of the national surveillance data with regard to the goal of the recommendation: The reduction of hospitalizations due to RV (https://www. gbe-bund.de).
Molecular surveillance of RV
Molecular strain surveillance is established in Germany at the Consulting Laboratory for RV infections at RKI. Here, methods and algorithms for effective RV typing are well established to describe in detail the molecular epidemiology of circulating RV viruses, during each consecutive RV season, through genotyping of RV-positive samples representative for all parts of Germany [12, 70] . The emergence and spread of common and novel RV strains is examined and can be used to detect possible vaccine-induced replacement or escape mutants, or genotypes other than those included in the vaccine as well as reassortants between viral vaccine components and naturally circulating wild-type strains. In addition, RV strains responsible for breakthrough infections can be genotyped. The German Consulting Laboratory is an associated partner of the EuroRotaNet, which was established in January 2007, and has conducted continuous RV strain surveillance in Europe ever since [12] .
Monitoring of adverse events
In Germany, a spontaneous reporting system legally obliging manufacturers to report suspected adverse drug reactions (ADR) according to the German Drug Law and European Regulations has been established for many years [187] . A second legal tool is embedded in the German Protection against Infection Act. According to this law, physicians are requested to report any suspected adverse events following immunization (AE-FI) to the national regulatory authority PEI [188] . Based on these spontaneously reported data it is possible to perform observed vs. expected analyses to investigate whether specific events occur more frequently in recently vaccinated children than expected in children in the same age group (as background incidence) and to apply quantitative methods of disproportionality (e.g. proportionate rate ratio, PRR) [189] . With these types of tools, even very rare AEFI such as intussusception following RV vaccination can be monitored.
RV vaccination coverage
In Germany, vaccination coverage is routinely assessed at school entry, covering all children aged 5-6 years who present their vaccination record (acquisition of data varied in 2009 between 87 and 95% in the 16 federal states) [190] . There is no immunization register, which could provide information on the vaccination status of other age groups, for example the target population for RV vaccination. However, routine vaccination coverage data for children aged 12 or 24 months are essential to monitor RV vaccine uptake and acceptance within a short time span of vaccination activities. An alternative source of information could be a joint project of the RKI and the 17 associations of statutory health insurance physicians (ASHIPs) that provide anonymous physicians' fee-for-vaccination billing data to the RKI. Countrywide vaccination coverage among persons insured by a statutory health insurance (i.e. approximately 85% of the German population) can thus be determined in a cohort fashion. However, also with the ASHIP data there is a delay in providing and analyzing the data of up to 1 year.
In conclusion, a reliable disease and molecular surveillance system exists for RV, able to provide robust case-based data on the RV epidemiology of the pre-and post-vaccination era, suitable to monitor the impact of RV vaccinations as well as potential replacement phenomena or reassortment with vaccine strains. There is also a passive AEFI surveillance system that captures spontaneously reported adverse events. Countrywide vaccination coverage will be available only with a considerable time delay.
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